Rationale Although studies suggest that stress is an important reason for relapse in alcoholics, few controlled studies have been conducted to examine this assumption. Evidence of stress-potentiated drinking would substantiate this clinical observation and would contribute to the development of a model that would be valuable to alcohol treatment research. Objectives The hypothesis was tested that an acute psychosocial stressor, the Trier Social Stress Test (TSST), increases alcohol consumption in non-treatment-seeking alcoholics. Methods Seventy-nine alcohol-dependent participants (40 women) were randomly assigned to receive the TSST or a no-stress condition. Immediately afterward, all participants received an initial dose of their preferred alcoholic beverage to achieve a target blood alcohol concentration of 0.03 g/dl (to prime subsequent drinking in the laboratory). Participants then participated in a mock taste test of two glasses of beer. Primary dependent measures were whether s/he drank all of the beer available (yes/no) and total amount of beer consumed (milliliters). Results Stressed participants were twice as likely as nonstressed participants to drink all of the beer available, a significant effect. Although the stressed group drank more milliliters than the non-stressed group, this effect failed to reach significance, likely due to ceiling effects. There were no significant stress group × gender effects on either outcome.
Stress is broadly defined as a process by which a stimulus elicits an emotional, behavorial, and/or physiologic response (Ice and James 2007) . That experiences interpreted as stressful can induce drinking is implicit in theories regarding the development and maintenance of alcohol use disorders (Conger 1951; Sayette 1993; Sher and Levenson 1982) and relapse (Marlatt and Gordon 1985; Zywiak et al. 1996) . Several clinical studies report that relapse is attributed to stressful life events and/or one's ability to cope with stress (Brown et al. 1995; Levy 2008; Vuchinich and Tucker 1996) . Not surprisingly, most evidence-based treatments for alcohol dependence include stress-coping and mood management elements to help treatment seekers maintain sobriety (Marlatt and Gordon 1985; Monti et al. 2002; Vieten et al. 2010) .
Although there is substantial clinical and anecdotal support for stress-induced relapse, determining conclusively that stress causes drinking is a challenge. To do so, randomized controlled studies are needed where individuals are exposed (or not) to a stress-inducing stimulus (a stressor), and subsequent drinking is measured. If more participants drink or if more alcohol is consumed following the stressor, the conclusion can be made that the stressor is the cause. If the outcome of interest is relapse (which is arguably the most ecologically relevant construct), participants must be alcoholics attempting abstinence, and such studies are not ethically tenable. In short, a study with the necessary methodological rigor and ecological relevance yet with an appropriate risk/benefit ratio may not be possible. Of the three controlled studies conducted to date, all have focused on stress-induced drinking, not relapse. Higgins and Marlatt (1973) randomized 20 alcoholdependent men and 20 non-dependent social drinkers to either a high psychological stress condition (anticipation of a painful electric shock) or a low stress condition (anticipation of a benign electric stimulation); the threat of the shock was the stressor-no shock was actually delivered. Following this information, participants were asked to engage in an alcohol taste test by rating three glasses of different alcoholic beverages on several dimensions. The primary outcome variable was the amount of alcohol consumed (milliliters); the "taste test" deception was used to diminish demand effects. As expected, alcoholics consumed more alcohol than social drinkers. However, the amount of alcohol consumed-regardless of alcohol dependence-did not differ by stress condition. Unfortunately, the stress manipulation lacked internal validity, as ratings of anxiety were not higher in the high stress vs. low stress condition, and so no conclusions could be drawn about stress-induced drinking. Miller and colleagues (1974) tested a small sample of male alcohol-dependent (n=8) and non-problem drinkers (n=8) using a within-subjects design. Following a stressful condition (confrontational social scenarios with discouraging feedback and criticism) and a control condition (conversation about spare time activities), presented on separate testing days, participants could bar press to receive a small dose of alcohol. The primary outcome variables were number of bar presses made and the resulting volume of alcohol consumed. The results indicated that the stress manipulation was valid, as evidenced by increased pulse rate following the stress vs. no-stress condition. Alcoholics but not social drinkers showed increased lever pressing following the stress vs. no-stress conditions, and consequently, a greater amount of alcohol was consumed. The authors reported that all eight alcoholics increased their responding under the stress vs. no-stress condition, whereas the majority of social drinkers decreased their rates of responding under stress.
More recently, Pratt and Davidson (2009) used a withinsubjects design and a relatively large sample (N=74, 22 were women) of non-treatment-seeking alcoholics. The Paced Auditory Serial Addition Test (Gronwall 1977) was the stressor, and a control condition of equal length was included. Participants completed the two sessions on separate days in counterbalanced order. Salivary cortisol was collected to confirm the validity of the stress manipulation. Alcohol consumption was assessed with a cue availability paradigm, whereby participants gained access to a glass of beer behind a locked window at a computer signal. Researchers assessed three primary drinking outcomes: (1) latency to open the window following the signal (to index motivation to drink), (2) amount of alcohol consumed, and (3) alcohol craving following both the stress and the neutral conditions. Change in cortisol confirmed the internal validity of the stress manipulation. Although the authors did not report whether the effect of the stressor on the three alcohol outcomes was significant, group means were provided and suggested an effect of stress was unlikely. For example, amount of alcohol consumed following the neutral vs. stress condition was 2.08 vs. 2.19 oz, respectively; mean values for latency and craving were similarly close. Thus, the stressor, while successfully inducing a stress response, did not appear to induce drinking or greater urge to drink.
In summary, evidence is lacking that stress induces drinking in alcoholics, albeit only three controlled studies have been conducted, only one of which included women. The present study was conducted to test the hypothesis that an acute psychosocial stressor potentiates drinking in nontreatment-seeking alcoholics. The study employed standardized and validated methods of stress induction and drinking for clinical laboratory settings. Objective and subjective measures of stress reactivity were collected to confirm the internal validity of the stress manipulation (a between groups variable), and an equal number of men and women were enrolled to explore the effect of gender on stress reactivity and stress-potentiated drinking.
Materials and methods

Participants
Participants (21-65 years) were recruited via community advertisements. Only non-treatment-seeking alcoholics were included in the study in accordance with ethical guidelines regarding providing alcohol to individuals attempting to abstain (National Advisory Council on Alcohol Abuse and Alcoholism 2005). Eligibility for the study was initially determined with a telephone screening, which included an assessment of quantity and frequency of alcohol use, dependence symptoms, alcohol treatment history, and interest in seeking treatment for alcohol problems (exclusionary). Because the laboratory challenge involved drinking beer, individuals who did not drink beer at least once per month were excluded. Preliminarily eligible callers were scheduled for an in-person visit.
Informed consent and assessment
Informed consent was obtained when the individual arrived at the in-person visit. The informed consent document, approved by the university's institutional review board, provided explicit information regarding the procedures of the study, but deception was necessary regarding the challenge procedure to reduce demand effects. Participants were informed that they would randomly be selected (50% chance) to complete a "behavioral measure of how outgoing you are and a mental math test to help us collect information about your working memory, both of which tell us something about your personality," which was the cover story for the stress induction procedure. An additional deception was employed to avoid alerting participants to the fact that their subsequent alcohol consumption would be measured. Participants were told that following the personality test, they would consume a small amount of their preferred alcoholic beverage, then they would be asked to taste and rate two glasses of beer and that the purpose of the study was to examine the effects of personality on ability to detect subtle differences in flavors.
A battery of psychometrically sound self-report instruments was completed by consenting individuals, including the Alcohol Dependence Scale (Skinner and Allen 1982) , State/Trait Anxiety Inventory (Spielberger 1983) , Anxiety Sensitivity Index (Reiss et al. 1986 ), Beck Depression Inventory-II (Beck et al. 1996; Beck et al. 1961) , Barrett Impulsiveness Scale II (Patton et al. 1995) , and the Drinking Motives Questionnaire (Cooper et al. 1992 ). The MINI (Sheehan et al. 1998 ) was conducted by clinical interview to confirm a diagnosis of alcohol dependence and rule out exclusionary Axis I disorders, and the Timeline Followback (Sobell et al. 1992 ) was administered to assess quantity and frequency of alcohol consumption over the past 30 days. Eligible participants met diagnostic criteria for current alcohol dependence and drank at least 14 drinks (women) or 20 drinks (men) per week. Participants were excluded if they met criteria for other current major Axis I disorders, including current dependence on other drugs (excepting nicotine), were taking any psychotropic medications or medications known to affect the hypothalamic pituitary adrenal (HPA) axis, had a body mass index >35, or had received prior medical alcohol detoxification.
Eligible participants were scheduled for the challenge visit at the end of the in-person visit. Women were scheduled to complete the challenge during the follicular phase (days 1-10 following menses), when estradiol and progesterone are relatively low. Use of oral contraception was not exclusionary. All participants were instructed that a urine drug test and alcohol breath test (and pregnancy test for women) would be administered on the day of the challenge, and all tests must be negative to proceed with the challenge (and to receive compensation for participation). They were further instructed to abstain from alcohol for 48 h prior to the scheduled challenge visit, abstain from caffeinated beverages on the day of the challenge, and fast for 4 h prior to the challenge. Individuals were recruited from August 2008 to March 2010; 462 callers completed the telephone screening, and 115 progressed to the in-person visit. Of those individuals, 94 were eligible and 79 (40 women) completed the challenge. Of the 15 individuals who did not complete the challenge visit, seven were non-compliant with prechallenge requirements (e.g. abstinence from drugs and alcohol), six failed to schedule the challenge visit within 2 months of eligibility, and two (one from each stress group) withdrew consent during the challenge procedure.
Laboratory challenge
Schedule of procedures The challenge visit occurred on average 14 days (range, 2-54) after the initial in-person interview, and all participants were tested individually. Participants arrived at the university's Clinical and Translational Research Center (CTRC) at 4:00 PM, at which time compliance with pre-challenge instructions was assessed. The Clinical Institute Withdrawal Assessment of Alcohol Scale (Sullivan et al. 1989 ) was administered to ensure the absence of marked alcohol withdrawal (score of eight or less). At 4:15 PM, an indwelling catheter was placed in the non-dominant arm in order to obtain blood samples used to measure stress reactivity. From 5:00 PM to 5:15 PM, participants either underwent the stressor (described below) or the no-stress control condition (reading a travel magazine alone for 15 min).
To prime voluntary alcohol consumption, participants were given their preferred alcoholic beverage in a dose calculated to produce a maximum blood alcohol concentration of 0.03 g/dl (based on tables produced by Watson 1989) . Participants were instructed to sip the drink evenly to finish it in 10 min (from 5:20 PM to 5:30 PM). This procedure has been reliably used to induce craving and/or subsequent drinking in alcoholics in clinical laboratory settings (Anton et al. 2004; Davidson et al. 2003; O'Malley et al. 2002) .
From 5:45 PM to 6:00 PM, participants completed the taste test procedure (described below), and subsequent stress and breath alcohol readings were taken until 7:00 PM, when the catheter was removed. Breath alcohol was assessed again at 7:15 PM, at which point those participants with a blood alcohol concentration (BAC) less than 0.03 g/ dl were provided a feedback report of the results from questionnaires administered during the previous in-person interview visit, including a personality profile to corroborate the study's reported purpose (effects of personality on alcohol discrimination) and quantity and frequency of alcohol use and information about available alcohol treatment services. Participants with BAC ≥ 0.03 g/dl remained in the laboratory until BAC dropped below 0.03 g/dl. All participants were compensated $200 and transported home by taxi.
Stress manipulation The Trier Social Stress Test (TSST; Kirschbaum et al. 1993 ) is an acute psychosocial stressor with both a social evaluative component (public speaking about oneself) and a performance component (mental math). The TSST is considered the gold standard for eliciting an HPA axis response in a laboratory setting (Dickerson and Kemeny 2004) and has been consistently shown to induce a marked stress response in both men and women (Kudielka et al. 2007 ). The stress induction procedure is described elsewhere (Thomas et al. 2011) . Briefly, at 5:00 PM participants randomized to the TSST were instructed that they would complete a behavioral personality test in front of three individuals with expertise in assessing body language and behavior. Participants completed a 5-min preparation phase and then were escorted to a separate room to perform a 5-min speech task and a 5-min serial subtraction task in the presence of an audience. Audience members were three confederates in white lab coats who were trained to remain stoic during the participant's presentation. Following the serial subtract task, the research technician escorted the participant back to the original room. Participants randomized to receive the nostress control condition remained in the original room and read a travel magazine for 15 min.
Taste test The taste test procedure was a modified version of the procedure used by Marlatt and colleagues (Caudill and Marlatt 1975; Higgins and Marlatt 1973) and afforded a covert assessment of alcohol consumption. All participants were given two glasses (labeled A and B), both of which contained equal parts of cold Budweiser and O'Douls non-alcoholic beer. Non-alcoholic beer was mixed with alcoholic beer to minimize the peak blood alcohol concentration if the participant consumed both glasses (355 ml per glass; 710 ml or 24 oz total). With this beverage mixture, the estimated peak BAC would not exceed 0.05 g/dl for most participants, and thus the BAC would drop below 0.03 g/dl (required for discharge from the challenge) within 1-2 h.
Participants were instructed that they had 15 min to taste each glass to determine whether glass A and glass B contained identical or different beers and to rate additional qualities about each beer. Participants were told to drink whatever amount necessary to make an accurate decision and that a correct response would earn a $15 bonus to their base compensation.
The experimenter provided the two glasses of beer plus an 8-oz glass of water (to control for general thirst, de Wit et al. 2003) and left the room. At the end of 15 min, the experimenter returned and collected the glasses and the participant's rating sheet. The taste test procedure was video recorded to examine participants' drinking behavior (e.g., latency to first sip). All participants were told that their decision about the two beers was correct, and all received the bonus payment.
Laboratory assessments
Stress reactivity Response to the stress manipulation was measured with subjective and objective measures. Subjective distress was assessed using a 10-point scale from 1= not at all stressed to 10=severely stressed. Objective indices of stress reactivity were mean arterial pressure (millimeters of Mercury) and serum cortisol (micrograms per deciliter). Each of these outcomes was collected nine times, twice prior to the stress manipulation and seven times post-stressor (at 0, 15, 45, 60, 75, 90, and 105 min) .
Blood samples for cortisol were collected in iced EDTA tubes; plasma was separated from cells by centrifugation, and the serum sample was frozen at −70°C until thawed for assay. Cortisol was assayed using the ADVIA Centaur XP immunoassay system (Siemens Healthcare Diagnostics, Flanders, NJ). Functional sensitivity was 0.2 μg/dl, and intra-assay cv was 2.15% at 44 μg/dl.
Blood alcohol concentration Breath alcohol (Alco-Sensor IV, Intoximeters, St. Louis, MO) was obtained to index blood alcohol concentration. BAC was collected to examine whether the alcohol priming dose induced the target level (0.03 g/dl) and to ensure that no participant was dismissed from the challenge with BAC ≥ 0.03 g/dl. BAC was assessed at arrival (4:05 PM, required to be 0.00 g/dl to participate in the challenge), following the alcohol priming but prior to the taste test (5:44 PM), and five times following the taste test (0, 15, 30, 60, and 75 min).
Craving The Alcohol Urge Questionnaire (AUQ; Bohn et al. 1995 ) was used to measure urge to drink. The AUQ is a validated instrument with a range of 8-56 for assessing subjective experience of state craving (Drummond and Phillips 2002) . It has a single factor structure and has been used in clinical laboratory studies to assess real-time measurement of alcohol craving (MacKillop 2006) . It was administered five times-at baseline (arrival), after the stressor manipulation (5:15 PM), after the alcohol priming (5:30 PM), after the taste test (6:00 PM), and prior to dismissal (6:45 PM). No participant was dismissed from the challenge with elevated craving (as defined by last assessment being >30% above the baseline assessment).
Alcohol consumption Two primary and three secondary measures were used to assess alcohol consumption from the taste test. Primary measures were probability of consuming all the beer provided and the amount of beer consumed (milliliters). Secondary measures were latency to first sip (seconds), median latency between sips (seconds), and the average amount consumed per sip (total milliliters consumed divided by number of sips).
Statistical analysis
Demographics, pre-challenge drinking, and psychological severity measures were analyzed with two (stress group)× two (gender) analysis of variance or logistic regression for dichotomous variables. Analyses characterizing the stress response across time (e.g., cortisol, mean arterial pressure, subjective distress) and craving over time (AUQ) were conducted as linear mixed models (SAS PROC MIXED) with an unstructured covariance matrix and stressor group and gender as independent variables. Breath alcohol outcomes following the priming dose of alcohol were analyzed with analysis of variance with stressor group and gender as factors, and single sample t tests to confirm that actual BAC did not differ significantly from target BAC (0.03 g/dl). Analyses of the two primary alcohol consumption variables (milliliters beer consumed and probability of drinking all the beer provided), and all secondary alcohol consumption variables were performed as analyses of covariance with drinks per day (from the Timeline Followback) as a covariate. Unadjusted means are reported unless otherwise specified.
Results
Participants
Demographics, alcohol use, preferred alcoholic beverage, and psychological assessment descriptive statistics are presented by stress group and gender in Table 1 . One participant in the control group reported drinking amounts that were consistently >3 times the interquartile range; her drinking data were excluded from analyses.
Randomization (stressor vs. no-stress control) yielded equivalent groups on demographics and alcohol use. Participants had a mean age of 34 years (SD=11, range, 21-57), consumed 65 drinks per week, ten drinks per day, and 12 drinks per drinking day. There were no significant differences between stressor groups or gender on alcohol use or preferred alcoholic beverage. Percent of men and women whose preferred alcoholic beverage was beer was 62% vs. 53%, respectively. Alcohol dependence severity (M=15, SD=6.7) was in the moderate range. Alcohol use between the initial visit and challenge visit was not assessed, although participants were asked to report the date of their last drink in order to assess compliance with 48-h abstinence. Participants on average reported 3 days since their last drink, and there were no main or interaction effects of stress group or gender on number of days since last drink. Significant differences between groups in some measures of psychological severity were revealed. Participants randomized to the stressor group reported higher anxiety sensitivity than those in the control group, F(1,75)=5.18, p<0.05. Women reported significantly higher depression severity (BDI) than men, F(1,75)=4.53, p<0.05, and there were significant stressor group × gender interactions for depression severity and impulsivity (BIS), both Fs(1,75)> 4.60, p values<0.05. Women in the stressor group had higher mean scores than women in the control group on both of these measures, with no-stressor group differences in men. These variables were examined as potential covariates in analyses of stress reactivity and drinking but were dropped if their inclusion did not alter results.
Effect of the stressor
There was a significant stressor group × time effect for cortisol (Fig. 1a) , mean arterial pressure (Fig. 1b) , and subjective distress (Fig. 1c) , all F values (8.74)>8.2, all p values<0.05. For each of these measures, the stressor and control groups were similar at the two baseline timepoints, and groups diverged (stressor > no-stress) following the stress manipulation.
Effect of the priming drink
The initial dose of alcohol was delivered to achieve a target BAC of 0.03 g/dl. The resulting BAC (assessed 15 min following consumption) did not differ significantly between stressor groups or genders, nor was there a gender × stressor group interaction. The overall mean for all participants was 0.029 g/dl (SE=0.001), which did not differ significantly from the 0.03 g/dl target. There was a trend for men to have higher BAC values than women, F(1,75)=3.39, p=0.07, and for control participants to have higher BAC values than the stressed group, F(1,75)=2.99, p=0.09. Because of these effects, BAC was examined as a covariate in subsequent analyses of the data from the taste test.
The initial dose of alcohol was expected to induce alcohol craving (as indexed by an increase in AUQ scores from 5:15 to 5:30), but this effect was not observed, F (1.75)<1.0, ns. There were no main or interaction effects with stressor group or gender on pre-vs. post-prime AUQ scores.
Stress-induced drinking
There was a trend for a positive correlation between drinks per day and amount of beer consumed in the taste test (r= 0.21 p=0.07) and a significant correlation between drinks per day and whether the participant drank all the beer provided (Spearman's rho=0.22, p<0.05). Drinks per day a b c Fig. 1 The effects of the stressor on a cortisol, b mean arterial pressure, and c subjective distress. For each outcome, the stressor group × time effect was significant. Bars indicate standard error. Significant timepoints where Stressor > no-stress control are indicated by asterisks (p<0.05). BL baseline, PT post-test measurement. Values in parentheses reflect min prior to start of the stressor (for BL) and min relative to the end of the stressor for PT. The increase in mean arterial pressure from PT1 to PT2 in the no-stress group coincided with delivery of the priming drink was examined as a covariate in these models, along with BAC and the covariates identified from assessment of psychological variables. Ultimately, none of these covariates accounted for variance in the dependent variables in such a way to alter the findings; unadjusted means are reported.
Amount of water consumed (milliliters) during the taste test was analyzed to examine effects of stress on nonspecific thirst. There was no effect of stressor group, gender, nor a stressor group × gender interaction on water consumed. On average, participants consumed 80 ml of water (SE=8.5) during the taste task.
There was a main effect of the stressor on the probability of drinking all the beer available, Wald X 2 (df, 1)=5.25, p<0.05, where exposure to the TSST doubled the probability of consuming all the beer (Fig. 2) . There was not a stressor group × gender interaction on this outcome. There was no significant effect of stressor group nor a stressor group × gender interaction on milliliters beer consumed, F′s (1.74)<1.3, p ns.
There were main effects of gender on beer consumption. Men drank more milliliters of beer (M=542 ml, SE=28.4) than women (M=405 ml, SE=27.5), F(1,74)=11.34, p< 0.01, and more men (36%) than women (8%) drank all the beer provided, Wald X 2 (df, 1)=8.29, p<0.01. Because genders were equally distributed in the stress and nostress groups, main effects of gender did not directly impact power to reveal main effects of stress on these outcomes, although ceiling effects may have precluded our ability to detect gender × stress interactions on consumption. That is, though not statistically different, stressed men drank more beer than non-stressed men (577 vs 506 ml, both SEs~40); stressed and non-stressed women both drank about 405 ml (both SEs~40).
Secondary drinking measures (latency to first sip, median latency between sips, and sip size) were collected to examine the effect of the stressor on process measures. There was not a main effect of the stressor, or a stress × gender interaction on any of these outcomes. The only significant effect observed was on sip size, where men took larger sips than women (34 vs. 23 ml per sip, F(1,74)= 17.15, p<0.001). In addition, regardless of stressor group and gender, there was a significant positive correlation between sip size and drinks per day (r=0.26, p<0.05).
Alcohol craving during the challenge
Covarying baseline AUQ scores and examining all timepoints in a single model, there was no time × stressor group effect, nor a three-way interaction with gender, both p values>0.10. There was an effect of time [F(4,77) =13.51, p<0.01], as shown in Fig. 3 (bars show SE) . AUQ scores increased from baseline to the post-stress assessment [t(78)=7.14, p<0.01], though not differently by stressor group. AUQ scores remained stable from pre-to postalcohol priming drink (an unexpected finding, as reported above); AUQ scores significantly decreased pre-to posttaste test [t(78)=3.79, p<0.01] and remained stable from post-taste test to dismissal.
Discussion
The results of this clinical laboratory study demonstrate that an acute psychosocial stressor, the TSST, can promote drinking in both men and women with alcohol dependence, as individuals exposed to the stressor were twice as likely as non-stressed controls to drink the maximum amount available. Because the relationship between stress and drinking in alcoholics has not been widely examined using controlled experimental studies, and only one such study has included women (Pratt and Davidson 2009 ), the present study contributes valuable information to the extant literature and offers some guidance by its findings, both expected and unexpected, about how better to study this issue in the future.
While the stressed group was more likely to consume all the beer provided, there was no difference between groups on milliliters beer consumed. Ceiling effects may have limited our ability to detect this effect, especially for men, thus precluding our ability to observe a stress × gender interaction on alcohol consumption. We limited the available alcohol to 710 ml beer (24 oz, half from non-alcoholic beer) to minimize each participant's peak blood alcohol level (both for safety and to reduce the time required for participants to remain in the laboratory following the challenge). As only 15 min were allotted for the taste test, we expected that this amount would be sufficient to test the primary hypotheses. To examine whether acute stress Fig. 2 Percent of each gender group that consumed all the beer available during the taste test. Stressor > no-stress (p<0.05) and men > women (p<0.05). There was no interaction between stress group and gender differentially affects drinking in men and women, future studies might increase the amount of alcohol offered and/or allow individuals to drink his/her preferred alcoholic beverage in the taste task. However, because there were no differences between gender or stress groups on the percent who preferred beer, it is unlikely that employing beer in the taste test accounted for the lack of a stress group × gender interaction on milliliters beer consumed.
With few exceptions, all experimental manipulations of the model worked as expected. The internal validity of the stress induction was supported by all measures of stress reactivity (cortisol, mean arterial pressure, and both instruments used to pressure, and subjective distress), and the amount of alcohol delivered in the priming dose achieved the target breath alcohol level. In addition, average number of drinks per day in the 30 days prior to consent was positively correlated with voluntary drinking in the taste test, thus supporting the ecological validity of the taste test. Although craving was not affected by the priming drink (in contrast to Davidson et al. 2003) , craving was diminished when participants were permitted to drink all the beer available to them. Taken together, results suggest that the experimental procedures of the present study offered an effective balance between internal validity and ecological relevance.
Craving was unaffected by stressor, which contributes to a mixed body of literature on whether stress induces craving in alcoholics (Brady et al. 2006; Cooney et al. 1997; Fox et al. 2007; George et al. 2008; Mason et al. 2008; Pratt and Davidson 2009; Sinha et al. 2009; Thomas et al. 2011) . Though not reported in the results, among stressed participants, there was no correlation between magnitude of change in craving following the TSST and amount of beer consumed or probability of drinking all the beer available. The disassociation between craving and consumption has been documented by others (Drummond et al. 2000; MacKillop et al. 2010) , and Tiffany's cognitive processing model of craving (1990) posits why craving may not lead to drinking. That model proposes that craving is a conscious process that is activated when drinking is prevented, either because the individual is attempting abstinence or alcohol is unavailable. In the present study, participants were not attempting abstinence, and all were aware that they would be drinking alcohol in the challenge, so neither of the situations that might induce craving was present.
Tiffany's model may also be relevant in explaining the effects of stress on drinking. The model posits that for alcoholics, drinking is an over-learned and automatic action which requires conscious effort and cognitive resources to counter. Recent clinical laboratory studies show that a stressor can affect this balance in favor of the automatic behavior. recruited normal volunteers and reduced the hedonic value of a reward for which participants were trained to respond. Afterwards, they exposed some participants to an acute psychosocial stressor. During a subsequent extinction test, non-stressed participants reduced their responding to the devalued goal, whereas stressed participants continued to respond for the goal as they had before it was devalued, suggesting habitual learning was driving behavior. In a separate study in which pharmacological stressors were used, a similar result was found . In a study with male problem drinkers, a stressor increased a pre-existing bias to alcohol vs. neutral words (Zack et al. 2010 ). The results of these studies suggest that stress either promotes habitual responses, impedes ability to employ conscious processes to counter responding based on habit, or both. In terms of the cognitive processing model as it relates to participants in the present study, stress increased the likelihood of engaging in an automatized behavior, which, for this group of non-abstinent alcoholics, was to drink all the alcohol available.
Among the limitations of the study is the fact that selection factors reduce generalizability both to the behavior of interest (relapse drinking) and the population of interest (treatment-seeking alcoholics). For ethical reasons, only non-treatment-seeking alcoholics who were not attempting abstinence were included, so it is unknown whether these results apply as a model of stress-potentiated relapse. In addition, individuals were excluded from participating if they had comorbid psychiatric disorders and/or other drug dependence. As these conditions are common in alcoholics, especially in women and treatmentseeking samples (Kessler et al. 2005; Zilberman et al. 2003) , results may not generalize to clinical populations. Another limitation is that the requested 48-h abstinence from alcohol prior to the challenge was confirmed only through self-report and negative breath alcohol reading. Since participants did not know to which group they were Fig. 3 Mean (bars show SE) Alcohol Urge Questionnaire scores over the course of the challenge day collapsed across stressor groups. Asterisks reflect significant change over time (p<0.05). Craving increased from pre-to post-stress manipulation (but not differentially by stressor group). Alcohol craving decreased following the taste test (where participants were allowed to drink up to 24 oz of beer) randomized prior to the challenge day, it is unlikely that stressor groups differed in adherence to the abstinence request, but we cannot confirm this assumption.
In summary, results suggest a possible causal relationship between stress and drinking in alcoholics. In addition, the methods may provide a foundation for future clinical laboratory studies on stress-induced drinking. Other clinical models of precipitants to relapse, including cue-induced craving and cue-and prime-induced drinking have been valuable in exploring individual differences in response to treatment and possible mechanisms of actions (Anton et al. 2004; Davidson et al. 2003; O'Malley et al. 2002; Sinha et al. 2009) . A model of stress-induced drinking offers similar opportunities and could be used to examine whether interventions that have been shown to reduce stress reactivity may also reduce stress-potentiated or stressinduced drinking.
